A topochemical approach to explain morphiceptin bioactivity.
A topochemical model to explain the bioactivity of morphiceptin (Tyr1-Pro2-Phe3-Pro4-NH2) was developed by taking account of accessible conformations around rotatable bonds which define relative spatial arrangements of opioid pharmacophores, the amine and phenolic groups of tyrosine and the aromatic ring of phenylalanine, necessary for receptor recognition. For this purpose, 1H-NMR measurements and computer simulations were extensively carried out on 10 stereoisomeric analogs related to morphiceptin: Tyr-Pro-(L and D)-Phe- (L and D)-Pro-NH2; Tyr-Pro-(L and D)-(NMe)Phe-(L and D)-Pro-NH2; Tyr-(NMe)Ala-Phe-D-Pro-NH2; and Tyr-Ala-Phe-D-Pro-NH2. These analogs are structurally close to one another but display various opiate potencies from highly active to inactive. The conformation of each rotatable bond has been specifically identified by measuring accessible space for the analogs, in which the difference in composition is observed in the specific site affecting only the conformation around the target bond. The most interesting characteristic of the model is a requirement of a cis amide bond linking residues 1 and 2. The model also requires the side chains in a trans conformation (chi 1 = 180 degrees) for the Tyr and Phe residues. The distances between the three pharmacophores, d1 (Tyr N to Tyr OH), d2 (Tyr N to the center of the aromatic ring of the third residue), and d3 (Tyr OH to the center of the aromatic ring of the third residue), were found to be approximately 8, approximately 7, and approximately 11-13 A, respectively. This model should aid in pharmaceutical design of peptide and nonpeptide ligands with opioid potencies.